The common basic assumption for these two models is that there are soft colour exchanges in the final state which converts heavy quark pairs in a colour octet state into a colour singlet state. If the invariant mass of the quark pair is below the threshold for open charm production it will produce a bound quarkonium state. It is also assumed that the soft colour exchanges which lead to quarkonium production, factorises from the hard interaction which can be described by perturbative methods.
The models have been implemented in the Monte Carlo program AROMA [lo] which contains the leading order matrix elements for photo-and electroproduction of heavy quarks through the boson gluon fusion process. Softer QCD radiation (but still perturbative) is taken into *Work supported by the Swedish Natural Science Research Council, contract F-PD 112644301 and the U.S. Department of Energy, contract DE-AC03376SF00515.
To appear in the proceedings of the 'Workshop on Monte Carlo Generators for HERA Physics', Hamburg, Germany 1999, Editors: A.T. Doyle, G. Grindhammer, G. Ingelman, H. Jung. account by the initial and final state parton showers. This gives a partonic final state, with a colour topology given by the planar approximation, which is normally hadronised using the Lund string model [ll] . The models for soft colour exchanges alters the colour topology of the events before the hadronisation and can thus produce quarkonium states.
The basic assumption of the SC1 model is that perturbatively produced partons have soft colour exchanges with the background colour field of the incoming hadron or hadrons. These colour exchanges change the colour topology of an event as illustrated in Fig. 1 . The probability for a soft colour exchange depends on the non-perturbative dynamics and is thus not easily calculated. For simplicity it is therefore assumed to be a constant, R,,, = 0.5, in the SC1 model. Furthermore it is assumed that the momentum exchanged can be neglected (for more details on the SC1 model see [7] ). Apart from the successful description of quarkonium production at the Tevatron, the SC1 model also explains the large deep inelastic cross-section for events with a large rapidity gap [7] . I n addition the model describes other diffractive phenomena like diffractive W-production at the Tevatron [12, 131. (4 (b) The generalised area law for colour string reinteractions (GAL) is similar in spirit to the SC1 model in that it is a model for soft colour exchanges. The main difference is that the GAL model is formulated in terms of interactions between the strings connecting the partons produced in an event. In addition, the probability for an interaction is not constant as in the SC1 model but there is a suppression factor which depends on the area difference between the two alternative string-configurations.
The probability for a string reconnection is given by R GAL = 0.1 exp (-baA) where b = 0.45 GeVP2 is one of the hadronisation parameters in the Lund model and aA is the area difference (for more details see [8] ).
Another difference between the GAL and SC1 models is that the GAL model is applicable for all hadronic final states, i.e. it is also valid for e+e-annihilation, whereas the SC1 model is only applicable for reactions with an initial hadron '. The GAL model has been successfully ' In principle the SC1 model could be extended to include e+e-annihilation but this would require a retuning of the hadronisation parameters. See [14] for a more detailed discussion. tuned to data from e+e-annihilation and by comparing with the JETSET Monte Carlo [8] . At the same time it gives a good description of the diffractive structure function (for more details on diffractive and non-diffractive hadronic final states in deep inelastic scattering within the SC1 and GAL models see [14] ). The retuning of the hadronisation amounts to setting the cut-offs in the initial and final state parton showers to &a = 2 GeV in addition to using b = 0.45 GeVe2. One might worry that the cut-off &a is relatively large compared to the default value &a = 1 GeV. However, it is not obvious that perturbation theory should be valid for so small scales when more exclusive final states are considered. Therefore, &a can be considered as a free parameter describing the boundary below which it is more fruitful to describe the fragmentation process in terms of strings instead of perturbative partons.
Both the SC1 and GAL models have been implemented in the LSCI routine in the Monte Carlo program LEPTO [15] (the latest version is available on the LEPTO homepage, http : //www3. tsl . uu. se/thep/lepto).
Thereby both models are also accessible in the Monte Carlo program AROMA [lo] for electro-and photoproduction of heavy quarks (see the AROMA homepage, http: //www3. tsl . uu. se/thep/aroma). For the GAL model one also needs a new version of the LEPTO routine in LEPTO and the latest version of AROMA (for more details see,http://www3.tsl.uu.se/thep/rathsman/gal).
For the production of quarkonium states further assumptions are needed. In the following we give a short description of the model used which has been implemented in the LEPTO routine LSMALL that is called from within AROMA (for more details on the model see [9] ). The total cross-section for quarkonium production is obtained by integrating the partonic cross-section for a colour singlet heavy quark system, obtained by applying the SC1 or GAL model, from the quark threshold 2mQ to the open heavy flavour threshold 2mM,
Thus the fraction of the partonic cross-section which is in a colour singlet state is not a constant, as is assumed in the colour evaporation model [2], but it depends on the parton configuration. The partial cross-sections for different quarkonium states is then obtained following [16] by using spin-statistics, -where Ix = (2Jx + l)/ nx is the weight for each state with an extra suppression l/nx of radially excited states (like the $'). Thus no other quantum numbers are taken into account. As a consequence a large cross-section for qc's is predicted.
In the following we will show some illustrative results for elastic and inelastic photoproduction (Q2 < 4GeV2) of J/I/I mesons by applying the two models to the event generator AROMA. As will be discussed below there are several uncertainties that effect the results so these should not be viewed as the definitive predictions of the models. The results have been obtained with default settings in the Monte Carlo except for the parton densities for which the CTEQ4L [17] set was used and for the GAL model the cut-off in the parton showers and the b parameter in the hadronisation were set to the values given above. Fig. 2 shows the energy dependence of the total cross-section compared to data from ZEUS [5, 181 and Hl [6] . A s can be seen from the figure the SC1 and GAL models has a slightly different energy dependence and the normalisation is also different. Recent preliminary data [19] indicate that the elastic cross-section has the energy dependence Wo.8 which is also illustrated in the figure. Comparing with the two models we see that the GAL model has a similar energy dependence whereas SC1 has a slightly softer energy dependence (-W".5 for elastic and -W".6 for inelastic). The overall rate of charmonium production in the models depends on the parameters R,,, and &AL respectively which are fixed from the diffractive structure function. Thus it would seem that normalisation of the models does not agree with data. However, the overall normalisation of the results is quite uncertain since the models are based on a leading order calculation. This means that the result is sensitive to the choice of factorisation and renormalisation scale which mainly affect the normalisation.
By multiplying the leading order cross-section with a K-factor one can get the same normalisation as from a next-to-leading order calculation. These K-factors can be of the order 2 -3 for heavy quark production. Alternatively one could compare with the cross-section for open heavy flavour production.
The normalisation of the elastic cross-section is also sensitive to the treatment of the proton remnant in the Monte Carlo program which is quite uncertain. In other words the relation between proton dissociation and elastic events is uncertain and should be adjusted to data. As an illustration of this problem the cross-section a(yp + J/$X) for x = PEW@ > 0.9, which roughly corresponds to the sum of the elastic and proton dissociation cross!s&tions, is compared with the elastic cross-section in Fig. 2 . The figure indicates that the model gives a proton dissociation cross-section which is a factor 2-4 larger than the elastic cross-section. This should be compared with the experimental results where the two cross-sections are of similar magnitude. Thus the treatment of the proton remnant does not seem to be in accordance with data and should be modified. Given this additional uncertainty for the elastic cross-section one cannot draw any firm conclusions about the validity of the models from the apparently different normalisations of the elastic and inelastic cross-sections from the models in relation to the experimental results. Instead the data can be used to improve the models in their details. Fig. 3 shows the p 21 dependence of the elastic cross-section and the in-elasticity of the inelastic cross-section, where z = '*.
The figure shows that for both models the shape of the p: distribution agrees quite well with data. The pt dependence in the models follows from the intrinsic kl distribution of gluons in the proton as discussed in [7] . Recent preliminary data [20] indicate that the p: dependence may be energy dependent which should be investigated in more detail. From the figure it is also clear that the z-distribution in the two models does not seem to be consistent with data. However, this can be understood in the following way. The colour ordering from the parton cascade is based on the planar approximation.
This means that the heavy quark pair will never be in a colour singlet state even though there are perturbative diagrams that lead to this configuration (these are the same diagrams that are used in the colour singlet model). This can partly explain the deficit for intermediate x since the perturbative gluons radiated can be quite hard. In addition, the parton showers only add softer QCD radiation which means that z is typically large.
In addition to J/g production the models also gives predictions for other charmonium states as well as bottomonium. The models are also applicable for electroproduction of quarkonium states. For the production of other quarkonium states there is also the question whether the assumption that spin is the only important quantum number when dividing the quarkonium cross-section onto different states is correct. This assumption also has large effects on the normalisation of the J/$ cross-section. Another more general uncertainty is the starting and stopping scale for the parton showers. However this uncertainty should be quite small.
In summary we have shown to what extent the models for soft colour interactions and the generalised area law for colour string reinteractions can describe photoproduction of quarkonium states at HERA. We have also discussed the uncertainties in the models especially regarding normalisation and the in-elasticity distribution for the inelastic cross-section.
